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PRINTER AND INK CARTRIDGE frequency; a rewritable storage device incorporated in the 

ATTACHED THERETO printer main body of the printer; and an information writing 

unit that writes specific information into the rewritable 

BACKGROUND OF THE INVENTION storage device of the printer main body at a specified 

. S frequency that is higher than the certain frequency, at which 

1. Field of the Invention the plural pieces of information relating to the cartridge are 
The present invention relates to a printing apparatus, such written into the non-volatile memory of the cartridge, the 

as an ink jet printer and an ink jet plotter, and also to an ink specific information being identical with at least part of the 

cartridge detachably attached to a printer main body of the phiral pieces of information relating to the cartridge, 

printing ^apparatus. More specifically the invention pertains 10 ^ ^ & ^ to a of 

to e, technique of processing , and storing required pieces of ^ information in a printer, which corresponds to the 

information in the ink cartridge. configuration of the printer discussed above. In the method, 

2. Description of the Related Art a cartridge, which is detachably attached to the printer, keeps 
Aprinting apparatus such as the ink jet printer and the ink ink therein and has a rewritable non-volatile memory, 

jet plotter mainly includes an ink cartridge, in which one or 15 wherein the ink kept in the cartridge is transferred from a 

plural inks are kept, and a printer main body with a print print head mounted on a printer main body of the printer to 

head to carry out actual printing operations on a printing a printing medium, so as to implement printing. The method 

medium. The print head ejects ink fed from the ink cartridge includes the steps ofc writing plural pieces of information 

onto the printing medium, such as printing paper, so as to relating to the cartridge into the rewritable non-volatile 

implement printing on the printing medium. The ink car- 20 memory of the cartridge at a preset timing and thereby at a 

i*i tridge is designed to be detachably attached to the printer certain frequency; and writing specific information into a 

'«* main body. A new ink cartridge has a predetermined quantity rewritable storage device incorporated in the printer main 

*Q.of ink kept therein. When the ink kept in an ink cartridge body of the printer at a specified frequency that is higher 

j.ifj runs out, the ink cartridge is replaced with a new one. Such than the certain frequency, at which the plural pieces of 

, ft a printing apparatus is arranged to cause die printer main 25 information relating to the cartridge are written into the 

!fi* body to calculate the remaining quantity of ink in the ink non-volatile memory of the cartridge, the specific informa- 

Ijl cartridge based on the amount of ink ejected from the print tion being identical with at least part of the plural pieces of 

if} head and to inform the user of a state of running out of the information relating to the cartridge. 

jS ink, in order to prevent the printing procedure from being In the printer and the corresponding method of the present 

<Zt interrupted by the out-of-ink. 30 invention, the rewritable non-volatile memory is mounted 

! 3 Another proposed ink cartridge stores certain pieces of on the cartridge, which is detachably attached to the printer. 

!> information, such as the type and the capacity of each ink Information relating to the cartridge is written into the 

kept in the ink cartridge, in advance. These pieces of storage device incorporated into the printer main body of the 

1. information are stored, for example, in the form of a printer at a specified frequency, which is higher than a 

^ barcode, in the ink cartridge. The printer, to which such an 35 certain frequency, at which the information is written into 

y4 ink cartridge is attached, scans the barcode and reads the the non-volatile memory of the cartridge. The information 

pi certain pieces of information, such as the type of ink kept in relating to the cartridge is thus updated at the higher fre- 

j« the ink cartridge, thereby enabling a printing process suit- quency in the storage device of the printer, whereas the 

able for the ink to be carried out. writing operation of the information into the non-volatile 

I* 4 Whik the certain pieces of information, such as the type *° memory of the cartridge is restricted. This arrangement 

of each ink kept ia the ink cartridge, are stored in the ink enables a storage element having a relatively low allowable 

cartridge, other pieces of information relating to the ink frequency of rewriting to be applied for the non-volatile 

cartridge, such as a remaining quantity of each ink, are memory of the cartridge. This arrangement also prevents a 

stored in the printer or a printer driver for the printer. In the possible trouble, that is, making the writing operation of 

event that the ink cartridge is replaced with a new one in the information into the non-volatile memory incomplete, which 

course of a printing process, the information relating to the occurs in a conventional structure when the power supply is 

ink cartridge, such as the remaining quantity of each ink. suddenly cut off, for example, by power faihirc or by pulling 

may be lost or made incorrect. * the power plug out of the socket, in the course of the writing 

operation into the non-volatile memory of the cartridge. 

SUMMARY OF THE INVENTION 50 The difference in frequency of writing may be attained by 

The object of the present invention is thus to provide a * spec&c configuration, wherein data are written into the 

printer that adequately processes and stores information non-volatile memory at the preset tuning, whereas data are 

relating to a cartridge, such as a remaining quantity of each written into the storage device of the prmter mam body at the 

ink, as wen as a cartridge, which is detachably attached to 5 5 J" 0861 tirrung as weU as at anomer timing, 

such a printer, without increasing the manufacturing cost of In accordance with one preferable application of the 

the ink cartridge. ' present inventioo, the plural pieces of information are writ- 

At least part of the above and the other related objects is ten mtD tne rewritable non-volatile memory of the cartridge 

actualized by a printer, to which a cartridge is detachably »t * power-off time of the printer and/or at a time of 

attached, the cartridge keeping ink therein and having a 60 replacement of the cartridge. While the power supply to the 

rewritable non-volatile memory, wherein the ink kept in the printer continues and the same cartridge is used, it is thought 

cartridge is transferred from a print head mounted on a that the contents of the storage in the storage device of the 

printer main body of the printer to a printing medium, so as printer main body accurately reflect the information relating 

to implement printing. The printer includes: a memory to ^ cartridge attached to the printer, 

writing unit that writes plural pieces of information relating 65 In accordance with one preferable ap p lica t ion of the 
to the cartridge into the rewritable non-volatile memory of present invention, the specific information is written into the 

the cartridge at a preset timing and thereby at a certain rewritable storage device on completion of printing with 
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regard to one page or on completion of printing with regard 
to at least one raster line. This is because the information 
relating to the cartridge is generally updated with the 
progress of the printing operation. By way of example, the 
amount of ink consumption gradually increases with the 5 
progress of the printing operation. It is accordingly effective 
to write the information regarding the amount of ink con- 
sumption into the storage device of the printer main body 
when the printing operation is completed with regard to one 
page or with regard to at least one raster line. 10 

In accordance with another preferable application of the 
present invention, the printer further includes a cle a nin g unit 
that is activated in response to a predetermined operation, so 
as to carry out a head cleaning process, which causes the 
print head to eject a predetermined quantity of ink. In this J5 
structure, the specific information is written into the rewrit- 
able storage device at a timing when the cleaning unit is 
activated. This is because the head cleaning process con- 
sumes a relatively large quantity of ink. The timing of 
writing information into the storage device may be in the 
.^course of the head cleaning process, on completion of the 
*2head cleaning process, or before the head cleaning process 
j0s initiated. 

a In accordance with one preferable embodiment of the 
rioter, the non-volatile memory transmits data by serial 
'daccess. In this case, the plural pieces of information are 
iTtwritten into the non-volatile memory of the cartridge in 
^synchronism with a clock for specifying an address. The 
-^non-volatile memory that transmits data by serial access is 
©generally inexpensive and desirably applied for the expend- 30 
ipable cartridge. 

( . In accordance with another preferable embodiment of the 
J - printer, the rewritable storage device of the printer main 
f*body is a non-volatile memory that holds contents of storage 
M»even after a power-off operation of the printer. In this case, 
hi the information in the storage device of the printer main 
iSbody, which is rewritten at the high frequency, is kept even 
■3in the case of an accidental power off. In accordance with 
Instill another preferable embodiment of the printer, a writing 
rale of the rewritable storage device of the printer maiu body 40 
is higher than a writing rate of the rewritable non-volatile 
memory of the cartridge. Applying a high-speed storage 
element for the storage device of the printer main body that 
is rewritten at a high frequency enables the high-speed 
access in the printer main body and favorably reduces the 45 
total access time. Either a DRAM or an SRAM may be 
applicable as the high-speed storage element The DRAM is 
generally inexpensive and readily available. The SRAM, on 
the other hand, does not require the refreshing process and 
is readily backed up. 

Ihe rewritable storage device of the printer main body 
may be disposed in a control IC, which directly controls the 
writing operation of the plural pieces of information into the 
non-volatile memory of the cartridge. In this structure, the 
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IC. The control IC receives the writing instruction and 
directly writes the contents of storage in the storage device 
disposed therein into the non-volatile memory of the car- 
tridge. 

The printer may have a carriage, to which both a black ink 
cartridge, in which black ink is kept, and a color cartridge, 
in which a plurality of different color inks are kept, are 
dctachably attached. In general, the printer may have a 
structure that receives any cartridge that keeps only one ink 
or a combination of selected inks. In this structure, a 
non-volatile memory should be provided in each cartridge, 
that is, respectively in the black cartridge and the color 
cartridge. The information relating to each cartridge is 
written into the non-volatile memory of the cartridge. 

Although the writing operations into the non-volatile 
memory of the cartridge and into the rewritable storage 
device of the printer main body are carried out at different 
frequencies, the information is written into both the non- 
volatile memory and the rewritable storage device at some 
identical timing^ . For example, it is desirable that the data 
are written into both the storage device of the printer main 
body and into the non-volatile memory of the cartridge at a 
power-off time of the printer. In this case, the information 
may be written into the non-volatile memory of the 
cartridge, before the information is written into the storage 
device of the printer main body. This arrangement causes the 
contents of storage in the non-volatile memory of the 
cartridge to be securely updated. Even in the event that the 
cartridge is replaced with a new one during the power-off 
time of the printer, this enables the accurate pieces of 
information to be stored in the non-volatile memory of the 
cartridge. 

In accordance with an alternative structure, the informa- 
tion is written into the non-volatile memory of the cartridge, 
after the writing operation of the information into the storage 
device of the printer main body is completed. In this case, a 
non-volatile storage element is applied for the rewritable 
storage device of the printer main body. This enables the 
storage device of the printer main body to securely hold the 
information relating to the cartridge. A storage element that 
enables the high-speed access is generally applied for the 
storage device of the printer main body. This advantageously 
completes the writing operation of the information relating 
to the cartridge within a short time period. 

The printer and the corresponding method may further has 
a structure that determines whether or not the contents of 
storage in the non-volatile memory of the cartridge are 
coincident with the contents of storage in the rewritable 
storage device of the printer main body at a time of power 
supply to the printer and/or at a time of initiating a replace- 
ment of the cartridge. The structure reconciles the contents 
of storage in one of the non-volatile memory and the 
rewritable storage device with the contents of storage in the 
other of the non-volatile memory and the rewritable storage 



non-volatile memory or tne cartridge, in inis siruciurc, iuc — . . . V . . . ., ... ~, 

prin^r m^r^ody^ in charge of controlling the writing 55 device, in the case where it is determined that U» cements 
jjium. """" . . . . r .x • , : _ „f ,etnr*<n> in the. non-volatile memorv are not coincident 



operation of data into the storage device of the printer main 
body incorporated in the control IC. In the case where there 
is a requirement for writing data into the non-volatile 
memory of the cartridge, for example, in the case of power 
failure, however, the control IC is in charge of controlling 
the writing operation into the non-volatile memory of the 
cartridge- This arrangement favorably relieves the loading to 
the printer main body, and enables the writing operation into 
the non-volatile memory of the cartridge to be carried out 
quickly. When there is a requirement for writing data, for 
example, in the case of cutting the power supply off, the 
printer main body outputs a writing instruction to the control 
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of storage in the non-volatile memory are not coincident 
with the contents of storage in the rewritable storage device. 
The contents of storage having the higher precision should 
be chosen preferentially over the other, based on a sequence 
of the writing operation rKwuy" 1 above. One possible 
application writes the information relating to the cartridge 
together with information regarding a writing time and 
refers to the information regarding the writing time to 
determine which contents of storage should be preferential 
over the other. 

The present invention is further directed to a cartridge 
keeping ink therein and having a rewritable non-volatile 
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memory, the cartridge being detachably attached to a printer, 
wherein information relating to the cartridge is written into 
the non- volatile memory of the cartridge at a certain fre- 
quency that is lower than a specified frequency, at which the 
information relating to the cartridge is written into a storage 
device incorporated in a printer main body of the printer. 

The timings of the writing operations into the non-volatile 
memory of the cartridge and into the storage device of the 
printer main body are those discussed above with regard to 
the printer of the present invention. For example, the infor- 
mation relating to the cartridge may be written into the 
non-volatile memory of the cartridge at a power-off time of 
the printer and/or at a time of replacement of the cartridge. 

The applicable type of the non-volatile memory, the 
sequence of the writing operations into the storage device of 
the printer main body and the non-volatile memory of the 
cartridge, and the configuration of carrying out the writing 
operation into the non-volatile memory of each cartridge are 
identical with those discussed above with regard to the 
printer of the present invention, 
irfa In accordance with one preferable application of the 
'■^present invention, the cartridge has an ink reservoir that is 
; -ff>artfcd into at least three ink chambers, in which at least three 
t ^different inks are kept. In this case, the non-volatile memory 
.|pf the ink cartridge has a plurality of information storage 
"Jareas, in which plural pieces of information regarding quan- 
Ulities of the at least three different inks are stored respec- 
ijjivcly and independently. It is practical that a storage capac- 
gjty of at least one byte is allocated to each of the plurality of 
^information storage areas. The respective inks have different 
Q&mounts of ink consumption. It is accordingly desirable to 
& store the amount of ink consumption for each ink. 
hjj, In accordance with another preferable application of the 
I .present invention, the cartridge has an ink reservoir that is 
'parted into at least five ink chambers, in which at least five 
different inks are kept. The at least five different inks include 
j.^three deep color inks and two light color inks, which 
i Correspond to two deep colors among the three deep color 
'Sinks. In a concrete example, the three deep color inks are 
fMcyan, magenta, and yellow, and the two light color inks are 
light cyan and light magenta. 

In accordance with one preferable embodiment of the 
cartridge, the non-volatile memory has a specific writing 
area, in which the plural pieces of information are written, 
on one end of a memory space thereof. The end area of the 
memory space readily generates an address to be accessed 
preferentially. Namely the end area of the memory space is 
often included in an area accessed first as default. In the 
non-volatile memory of sequential access type, the memory 
is sequentially accessed from a head position or an end 
position thereof. Assuring the writing area in one end of the 
memory space thus favorably enables the information relat- 
ing to the cartridge, for example, the remaining quantity of 
ink in the cartridge, to be stored quickly and securely, while 
reducing the manufacturing cost of the cartridge. 

A programmable ROM (EEPROM) that can be erased 
electrically may be applied for the non-volatile memory. A 
flash ROM is also applicable for the non-volatile memory. 

In the configuration of the present invention, the infor- 
mation relating to the cartridge may include a piece of 
information regarding a remaining quantity of each ink in 
the ink cartridge or a piece of information regarding a 
cumulative amount of ink consumption with regard to the 
cartridge. The information may also i ncl u de pieces of infor- 
mation regarding the type of ink kept in the ink cartridge and 
the term of validity of the cartridge. The information may 
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further include pieces of information regarding the time 
elapsing after unsealing the cartridge and the frequency of 
attachm ent and detachment of the cartridge to and from the 
printer main body, both of which are measured by the printer 
5 main body. The information may further include the pieces 
of information regarding the year, month, and date of 
man ufac ture of the cartridge and the capacity of each ink in 
the cartridge. Part of these pieces of information ate not 
changed by the use of the cartridge and may thereby be kept 
in a non-rewritable area. 

These and other objects, features, aspects, and advantages 
of the present invention will become more apparent from the 
following detailed description of the preferred embodiments 
with the accompanying drawings. 
15 BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the present invention 
and many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by refer- 
ence to the following detailed description when considered 
20 in connection with the accompanying drawings, wherein 
FIG. 1 is a perspective view illustrating the structure of a 
main part of a printer 1 in one embodiment according to the 
present invention: 

FIG. 2 is a block diagram illustrating the internal structure 
25 of the printer 1 including a print controller 40; 

FIG. 3 snows a layout of nozzle openings 23 formed on 
the print head 10 shown in FIG. 1; 
FIGS. 4A and 4B are perspective views respectively 
x illustrating the structures of an ink cartridge 107K and a 
cartridge attachment unit 18; 

FIG. 5 is a sectional view illustrating an attachment state 
in which the ink cartridge 107K shown in FIG. 4A is 
attached to the cartridge attachment unit 18 shown in FIG. 
35 4B; 

FIG. 6 is a block diagram showing the configuration of a 
storage element 80 incorporated in the ink cartridges 107K 
and 107F attached to the printer 1 shown in FIG. 1; 
FIG. 7A is a flowchart showing a processing routine to 
40 write data into the storage element SO; 

FIG. 7B is a timing chart showing the timing of execution 
of the processing shown in the flowchart of FIG. 7A; 

FIG. 8 shows a data array in the storage element 80 
incorporated in the black ink cartridge 107K attached to the 
«* printer 1 shown in FIG. 1; 

FIG. 9 shows a data array in the storage element 80 
incorporated in the color ink cartridge 107F attached to the 
printer 1 shown in FIG. 1; 

FIG. 10 shows a data array in an EEPROM 90 incorpo- 
0 rated in the print controller 40 of the printer 1 shown in FIG. 
l; 

FIG. 11 is a flowchart showing a processing routine 
executed at a time of power supply to the printer 1; 

FIG. 12 is a flowchart showing a processing routine to 
' calculate the remaining quantity of ink; 

FIG. 13 is a flowchart showing a processing routine to 
stoic data into the storage elements 80, which is executed by 
interruption in response to a power down instruction; 
50 FIG. 14 is a block diagram showing a connection of a 
control IC 200 in a second embodiment according to the 
present invention; 

FIG. 15 is a block diagram showing a memory structure 
in one modification of the second embodiment; and 
55 FIG. 16 is a perspective view illustrating the structure of 
another color ink cartridge as one modification of the present 
invention. 
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DESCRIPTION OF THE PREFERRED priming paper 105 with a movement of the carriage 101, so 

EMBODIMENT as to create dots and print a picture image or fetters on the 

printing paper 109. 

First Embodiment Each of the ink cartridges 107K and 107F has a cavity 

5 therein for keeping ink, which is prepared by dissolving or 
General Structure of Printing Apparatus dispersing a dye or a pigment in a solvent. The cavity for 

keeping ink therein is generally referred to as an ink cham- 
FIG. 1 is a perspective view illustrating the structure of a ber.Tbc black ink cartridge 107K has an ink chamber 117K, 
main part of an ink jet printer 1 in one embodiment accord- m whicb b]ack ink (K) is kept The color ink cartridge 107F 
ing to the present invention. The printer 1 of the embodiment ^ hag a ptaraurv Q f chambers 107C, 107LC, 107M, 
is used in connection with a computer PC, to which a 107LM, and 107X which are formed separately. Cyan ink 
scanner SC is also connected. The computer PC reads and (C), light cyan ink (IX), magenta ink (M), light magenta ink 
executes an operating system and predetermined programs (LM), and yellow ink (Y) are kept respectively in these ink 
to function, in combination with the printer 1, as a printing chambers 107C, 107LC, 107M, 107LM, and 107Y. The print 
apparatus. The computer PC executes an application pro- nca{ j iq receives supplies of various color inks fed from the 
gram on a specific operating system, carries out processing respective ink chambers 107C, 107LC, 107M. 107LM, and 
of an input image, for example, read from the scanner SC, 107Y, and ejects ink droplets of various colors to implement 
and displays a processed image on a CRT display MT. When printing. 

the user gives a printing instruction after the required image a capping unit 108 and a wiping unit 109 are disposed on 
processing, for example, retouching the image on the CRT ^ Qne ^ of ^ priori 1( wn jch is included in a non-printable 
display MT, is concluded, a printer driver incorporated in the ^ cppjng unit log doses nozzle opening formed on 
operating system is activated to transfer processed image me print head 10 durin g ^ stoppage of printing operation, 
-"fdata to the printer 1. The capping unit 108 effectively prevents the solvent com- 

5 13 The printer driver converts original color image data, ponent in the ink from being vaporized during the stoppage 
^vhich are input from the scanner SC and subjected to the ^$ oi i printing operation. Preventing the vaporization of the 
i ffequired image processing, to color image data printable by solvent component in the ink favorably depresses an 
.She printer 1 in response to the printing instruction, and increase in viscosity of ink and formation of an ink film. 
Q Outputs the converted color image data to the printer 1. The Capping the nozzle openings during the stoppage of a 
'•^original color image data consists of three color printing operation effectively prevents the nozzles from 
i^omponents, that is, red (R), green (G), and bhie (B). The x being clogged. The capping unit 108 also has a function of 
^converted color image data printable by and output to the collecting ink droplets ejected from the print head 10 by a 
'printer 1 consists of six color components, that is, black (K), flushing operation. The flushing process is carried out to 
\: cyan (C), light cyan (LC), magenta (M), light magenta eject ink when the carriage 101 reaches the end of the printer 
S^(LM), and yellow (Y). The printable color image data are i (hiring the execution of the printing operation. The fiush- 
i .further subjected to binary processing, which specifies the ^ ing process is one of the actions for preventing the nozzles 
f on-off state of ink dots. These image processing and data from being clogged. The wiping unit 109 is located in the 
tjjeonversion processes are known in the art and are thus not vicinity of the capping unit 108 to wipe the surface of the 
Specifically described here. These processes may be carried prmt head 10, for example, with a blade, so as to wipe out 
iSout in the printer 1, in place of the printer driver included in the ink residue or paper dust adhering to the surface of the 
! **the computer PC, as discussed later. 40 print bead 10. In addition to these actions, the printer 1 of the 

j»3> The following describes the basic structure of the printer embodiment carries out a sucking operation with regard to 
1. Referring to FIG. 1 and the block diagram of FIG. 2, the the nozzles, for example, in the case of an abnormality 
printer 1 has a print controller 40 that is in charge of control occurring due to invasion of bubbles into the nozzles. The 
procedures and a print engine 5 that actually performs sucking process presses the capping unit 108 against the 
ejection of ink. The print controller 40 and the print engine 4S print head 10 to seal the nozzle openings, activates a suction 
5 are incorporated in a printer main body 100. The print pump (not shown), and makes a passage connecting with the 
engine 5 included in the printer main body 100 has a print capping unit 108 in a negative pressure, so as to cause ink 
head 10, a sheet feed mechanism 11, and a carriage mecha- to be sucked out of the nozzles on the print head 10. The 
nism 12. The print head 10 is integrally formed with a flushing operation, the wiping operation, and the sucking 
cartridge attachment unit 18 to construct a carriage 101. The so operation are included in a head c le a nin g procedure. The 
print bead 10, which is an ink jet type, is mounted on a wiping operation may be carried out by an automatic mecha - 
specific face of the carriage 101 that faces a sheet of printing nism that uses a preset blade and automatically wipes the 
paper 105, that is, a lower face of the carriage 101 in this surface of the print head 10 with forward and backward 
embodiment- The carriage mechanism 12 includes a carriage movements of the carriage 101. In this case, only the 
motor 103 and a timing belt 102. The carriage motor 103 55 flushing operation and the sucking operation are included in 
drives the carriage 101 via the timing belt 102. The carriage the active bead cleaning procedure. 

101 is guided by a guide member 104 and moves forward A control circuit of the printer 1 is rl ifOT i i sscd with FIG. 2, 

and backward along a width of the printing paper 105 by which is a functional block diagram showing the internal 
means of normal and reverse rotations of the carriage motor structure of the ink jet printer 1 of the embodiment. The print 
103. The sheet feed mechanism 11 that feeds the printing 50 controller 40 has an interface 43 that receives various data, 
paper 105 includes a sheet feed roller 106 and a sheet feed such as print data, transmitted from the computer PC, a 
motor 116. RAM 44 in which the various data including print data are 

A black ink cartridge 107K and a color ink cartridge 107F, stored, and a ROM 45 in which programs for various data 
which will be described later, are detachably attached to the processing are stored. The print controller 40 further has a 
cartridge attachment unit 18 of the carriage 101. The print 65 controller 46 including a CPU, an oscillator circuit 47, a 
bead 10 receives supplies of inks fed from these ink car- driving signal generator circuit 48 that generates a driving 
tridges 107K and 107F and ejects ink droplets against the signal COM given to the print head 10, and a parallel 
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input-output interface 49 that transmits the print data devel- data in the on condition of ink dots, the weight of each dot 

oned to dot pattern data and the driving signal COM to the is multiplied with the number of dots. Namely the frequency 

nrint enrine 5 of ejection of ink droplets from the nozzle openings 23 is 

prim nguic . multiplied by the weight of each ink droplet The amount of 

Control lii.es of a switch panel 92 and a power source 91 j^,^^ ^ approximated from the densitiesof 
are also connected to the prmt controfler 40 via Jbe parallel * the respective pUeU inchu&d in the image data, 

input-output interface 49. The switch panel 92 has a power (2 ) Amount of ink consumption by cleaning the print head 

switch 92a for turning the power source 91 on and oft, a jq v ' 

cartridge switch 926 for giving an instruction to replace die ^ q£ ^ conguIQpdon by cleaning the print 

uik cartridge with a new one, and a dear^gswach 92c fe^ head 10 includes an amount of ink ejection by the flushing 
giving an instruction to perform the forcible cleaning of the iu —g^^ and ^ amount of ink suction by the sucking 

print head 10. When the power switch 92a on the switch operation. The action of the flushing operation is identical 

panel 92 is operated to input an instruction of a power-off ^jj, thc n0 rmal ejection of ink droplets, and the amount of 

operation, the print controller 40 outputs a power down ejection by the flushing operation is thus calculated in 

instruction as a requirement of non-maskable interruption ^ same manner as described in the factor (1). The amount 
NMI to the power source 91. The power source 91 receives 15 of ^ consumption by the sucking operation is stored in 

the power down instruction NMI and fans into a stand-by advance according to the revolving speed and the activation 

state. In the stand-by state, the power source 91 supplies a h - m Q f ^ ^, r iri ng pump. The amount of ink consumed by 

stand-by electric power to the print controller 40 via a power OQe belong action is generally measured and stored in 

supply line (not shown). The standard power-off operation advance. 

carried out via the switch panel 92 thus does not completely 20 ^ ^ remaining quantity of ink is determined by 

, ^cut off the power supply to the print controfler 40. subtracting the calculated amount of ink consumption from 

^ The print controller 40 monitors whether or not a preset ue previous re maining quantity of ink prior to the current 

isoelectric power is supplied from the power source 91, and printing operation. The controller 46 carries out the calcu- 

= fputputs the power down instruction NMI when a power plug lation of the remaining quantity of ink according to a specific 

''Jhs pulled out of a socket The power source 91 has an program, for example, one stored in the ROM 45, using data 

*fiauxiliary power unit, for example, a capacitor, to ensure a stored in the EEPROM 90. 

ijlpower supply for a predetenruned time period, for example, ^ arrangement of this embodiment, the color conver- 

s fSO.3 seconds, after the power plug is pulled out of the socket sioa ^ binarization processes are performed by the printer 

jjjrhe print controller 40 also outputs the power down instruc- ^ driver in the computer PC as described previously. The 

/Wtion NMI when the cartridge switch 92b on the switch panel printer 1 thus receives the binary data, that is, the data on the 

\p92 is operated to give an instruction of replacing the ink dot on-off conditions with regard to each ink. The printer 1 

n cartridge. multiplies the weight of ink for each dot (that is, the weight 

^ . The print controller 40 has an EEPROM 90 mounted Q f each ink droplet) by the number of dots to determine the 

fTthercon as a memory of the printer main body 100, which 3J amount of ink consumption, based on the input binary data. 

t s *stores information relating to the black ink cartridge 107K The ink jet printer 1 of the embodiment receives the 

hjand the color ink cartridge 107F mounted on the carriage binary data as described previously. The array of the binary 

^mechanism 12 as shown in FIG. 1. The EEPROM 90 stores data is, however, not coincident with the nozzle array on the 

j jSplural pieces of specific information including information print head 10. The control unit 46 accordingly divides the 

Qrclating to quantities of inks in the black ink cartridge 107K ^ RAM 44 into three portions, that is, an input buffer 44A, an 

y=and the color ink cartridge 107F, as discussed later in detail. intermediate buffer 44B, and an output buffer 44C, in order 

' The ink quantity-relating information may regard the to perform the rearrangement of the dot data array. The ink 

remaining quantities of inks in the ink cartridges 107K and j el printer 1 may alternatively carry out the required pro- 

107F or the amounts of ink consumption with regard to the cessing for the color conversion and the bi n arization. In this 

ink cartridges 107K and 107F. The print controller 40 also 4J casC) ^ ink jet printer 1 registers the print data, which 

has an address decoder 95, which converts desired addresses include the multi-tone information and are transmitted from 

in a memory cell 81 (described later) of a storage element 80 me computer PC, into the input buffer 44A via the interface 

(described later), at which the controller 46 requires to gain 43 The print data kept in the input buffer 44Aare subjected 

accesses (read and write), into numbers of clocks. The to command analysis and then transmitted to the interme- 

controHcr 46 in the print controller 40 generally processes J0 buffer 44B. The controller 46 converts the input print 

data by the unit of 8 bits or 1 byte. The memory cell 81 of data into intermediate codes by supplying information 

the storage element 80 incorporated in the ink cartridges regarding the printing positions of the respective letters or 

107K and 107F is serially accessed in synchronism with characters, the type of modification, the size of the letters or 

reading and writing clocks. The address decoder 95 accord- characters, and the font address. The intermediate codes are 

ingly converts the addresses to be accessed into the numbers JS m jbe intermediate buffer 446. The controller 46 then 

of clocks. analyzes the intermediate codes kept in the intermediate 

The printer 1 determines the amount of ink consumption buffer 44B and decodes the intermediate codes into binary 

by calculation. The calculation of the amount of ink con- dot pattern data. The binary dot pattern data are expanded 

sumption may be carried out by the printer driver incorpo- and stored in the output buffer 44C. 

rated in the computer PC or by the printer 1. The calculation w in m y case, when dot partem data corresponding to one 

of the amount of ink consumption is performed by taking acaa c f the print head 10 are obtained, the dot pattern data 

into account the following two factors. are serially transferred from the output buffer 44C to the 

(1) Amount of ink consumption by printing an image. print head 10 via the parallel input-output interface 49. After 

In order to accurately calculate the amount of ink con- the dot pattern data corresponding to one scan of the print 

sumption in the process of printing, image data are subjected 6S head 10 are output from the output buffer 44C, roe process 

toqolor conversion and binarization processes and con- erases the contents of the intermediate buffer 44B to wait for 

verted to on-off data of ink dots. With regard to the image conversion of a next set of print data. 
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The print head 10 causes the respective nozzle openings bottom 187 of a cavity, in which the ink cartridge 107K is 

23 to eject ink droplets against the printing medium at a accommodated. A recess 183 is formed about the needle 

predetermined timing, so as to create an image correspond- 181. When the ink cartridge 107K is attached to the cartridge 

ing to the input dot pattern data on the printing medium. The attachment unit 18, an ink supply unit 175 (see FIG. 5), 

driving signal COM generated in the driving signal genera- 5 which is projected from the bottom of the ink cartridge 

tor circuit 48 is output to an element driving circuit 50 in the 107K, is fitted in the recess 183. Three cartridge guides 182 

print head 10 via the parallel input-output interface 49. The are set on the inner wall of the recess 183. A connector 186 

print head 10 has a plurality of pressure chambers 32 and a ^ placed on an inner wall 184 of the cartridge attachment 

plurality of piezoelectric vibrators 17 (pressure-generating ^ The connector 186 has a plurality of electrodes 185, 

elements) respectively connecting with the nozzk openings 1Q which arc ^ contact with and thereby electrically connect 

23. The number of both the pressure chambers 32 and the ^ me plurality of connection terminals 174 of the storage 

piezoelectric vibrators 17 is thus coincident with the number elemem g 0 ^en the ink cartridge 107K is attached to the 

of the nozzle openings 23. When the driving signal COM is cartridge attachment unit 18. 

sent from the element driving circuit 50 to a certampiezo- ^ attach- 

electric vibrator 17, the corresponding pre^u™ .ebute 32 ^ * ™ to ^ fono wing procedure. When 

is contracted to cause the corresponding nozzle opening 23 ^ ^ ^,^925 on the switch 

t °2!f , , 4n L ^ .~*.u 1 panel 92 to give an instruction of replacing the ink cartridge 

FIG. 3 shows an exemplified layout of the nozzle open- * ^ ^ m mov(JS to a <xzUda poanon that 

ings 23 on the print head 10. The print head 10 has a plurality U(xm ^ t oi1be ink cartridge 107K. The procedure 

of nozzle amys re^pechvely corresponding to the blackmk „ ^ removes the used ink cartridge 107K. A 

(K), the cyan ink (Q, the bgU cyan ink (IX). the magenta leve / 102 & flxcd to a XZI wal] 188 of the cartridge 

ignk (M). the light magenta ink (LM), and the yeUow ink (Y). ^ chment ^ 18vifla support shaft 191 as shown in FIG. 

.^Each nozzle array includes the nozzle openings 23 which are y ^ ^ „ ^ lever 192 to a release position, at 

Arranged in two lines and zigzag. (Structure of Ink Car- which ^ £ cartri dge 107K ^ ^ removed from the 

*firidges 107K, 107F and Cartridge Attachment Unit 18) u attacnmenl ^ 18. Anew ink cartridge 107K is 

i ft The black ink cartridge 107K and the color ink cartridge men jg^ed on the cartridge attachment unit 18, and the 

i#07F, which are attached to the ink jet printer 1 having the , ever 192 fa pressed down to a fixation position, which is 

"Ubove configuration, have a common basic structure. The ovcr ^ ^ cartridge 107K. The press-down motion of the 

following descriptioa regards the structure of the ink lever 192 presses the ink cartridge 107K downward, so as to 

igtartridge, the black ink cartridge 107K as an example, and 30 make th e ink supply unit 175 fitted into the recess 183 and 

iyfhe structure of the cartridge attachment umt 18 of the printer maie me nee dle 181 pierce the ink supply unit 175, thereby 

* main body 100, which receives and holds the ink cartridge enabling a supply of ink. As the lever 192 is further pressed 

* 107K, with reference to FIGS. 4A, 4B, and 5. down, a clutch 193 disposed on a free end of the lever 192 
|M> FIGS. 4A and 4B are perspective views schematically engages with a mating element 189 disposed on the cartridge 
illustrating the structures of the Ink cartridge 107K and the 35 atta chment unit 18. This securely fixes the ink cartridge 
fp artridge attachment unit 18 of the printer main body 100. 107K to the cartridge attachment unit 18. In this state, the 
IJ^IO. 5 is a sectional view Illustrating an attachment state in plurality of connection terminals 174 on the storage element 
ijjvhich the ink cartridge 107K is attached to the cartridge 80 in the ink cartridge 107K electrically connect with the 
attachment unit 18. plurality of electrodes 185 on the cartridge attachment unit 

Referring 10 FIG- 4 A, the ink cartridge 107K has a 40 This enables tr ansmissio n of data between the printer 
1 cartridge main body 171 mat is composed of a synthetic main body 100 and the storage element 80. When the 
resin and defines the ink chamber 117K In which black ink replacement of the ink cartridge 107K is completed and the 
is kept, and a storage element (non-volatile memory) 80 user operates the switch panel 92 again, the carriage 101 
incorporated in a side frame 172 of the cartridge main body returns to the initial position to be in the printable state. 
171 An EEPROM is generally applied for the storage 45 ^ cartridge 107F basically has a similar 

element 80 that is rewritable by electrically erasing the structure to that of the ink cartridge 107K, and only the 
non-required contents of storage and maintains the contents difference is described here. The color ink cartridge 107F 
of storage even after the power supply is cut oft The has fivc ^ chambers in which five different color inks are 
allowable frequency of rewriting data in the storage element kcpL It ^ required to feed the supplies of the respective color 
80 is about ten thousand times, which is significantly lower 50 to ^ print head 10 via separate pathways. The color 
than the allowable frequency of rewriting in the EEPROM ^ cgjtridge 107F accordingly has five ink supply units 175, 
90 incorporated in the print controller 40. This makes the which respectively correspond to the five different color 
cost of the storage element 80 extremely low. The storage j^, color ink cartridge 107F, in which five different 

element 80 enables transmission of various data to and from are ke p lj however, has only one storage element 

the print controller 40 of the printer 1, while the ink cartridge 55 go incorporated therein. Pieces of information regarding the 
107K is attached to the cartridge attachment unit 18 of the ^ cartridge 107F and the five different color inks are 
printer main body 100 shown in FIG. 4B. The storage collectively stored in this storage element 80. 
element 80 is, received in a bottom-opened recess 173 

formed in the side frame 172 of the ink cartridge 107K. The Structure of Storage Element 80 

storage element 80 has a plurality of connection terminals 60 ... - ... 

174 exposed to the outside in this embodiment The whole FIG. 5 is a block diagram showing the configuranon ofthe 

6tora«eknient80rnay. however, be exposed to the outside. storage element 80 incorporated in the ink cartridges 107K 
Alternatively the whole storage element 80 is embedded, and 107F attached to the ink jet printer 1 of the embodiment, 
and separate corinection terminals may be provided inde- FIGS. 7A and 7B show a data writing process into the 
pendcntly. 65 memory cell 81. 

Referring to FIG. 4B, the cartridge attachment unit 18 has As shown in the block diagram of FIG. 6, the storage 
an ink supply needle 181, which is disposed upward on a element 80 of the ink cartridges 107K and 107F includes the 
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memory cell 81, a read/write controller 82, and an address is located at an address, which is accessed prior to the first 
counter 83. The read/write controller 82 is a circuit that storage area 750. Namely the second storage area 760 has a 
controls reading and writing operations of data from and into lower address than that of the first storage area 750. In the 
the memory cell 81. The address counter 83 counts up in specification hereof, the expression 'lower address' means 
response to a clock signal CLK and generates an output that s an address closer to the head of the memory space, 
represents an address with regard to the memory cell 81. The rewritable data stored in the second storage area 760 

The actual procedure of the writing operation is described include first data on the re maining quantity of black ink and 
with reference to FIGS. 7A and 7B. FIO. 7A is a flowchart second data on the remaining quantity of black ink that are 
showing a processing routine executed by the print control- respectively allocated to first and second black ink remain- 
ler 40 in the printer 1 of the embodiment to write the 10 ing quantity memory divisions 701 and 702, which are 
remaining quantities of inks into the storage elements 80 accessed in this order. 

incorporated in the black and color ink cartridges 107K and There are the two black ink remaining quantity memory 
107F, and FIG. 7B is a timing chart showing the timing of divisions 701 and 702 for storing the data on the remaining 
execution of the processing shown in the flowchart of FIG. quantity of black ink This arrangement enables the data on 
7 A. 15 the remaining quantity of black ink to be written alternately 

The controller 46 of the printer controller 40 first makes in these two memory divisions 701 and 702. If the latest data 
a chip select signal CS, which sets the storage element 80 in on the remaining quantity of black ink is stored in the first 
an enabling state, in a high level at step ST21. Wbfle the chip black ink remaining quantity memory division 701, the dau 
select signal CS is kept at the low level, the count on the on the r em a i n in g quantity of black ink stored in the second 
address counter 83 is set equal to zero. 'When the chip select 20 black ink remaining quantity memory division 702 is the 
• signal CS is set to the high level, the address counter 83 is previous dau immediately before the latest data, and the 
'■^enabled to start the count The controller 46 then generates next writing operation is performed in the second black ink 
s^a required number of pulses of the clock signal CLK to remaining quantity memory division 702. 
j specify an address, at which dau are written, at step a 122. The read only dau stored in the first storage area 750 

ISThe address decoder 95 incorporated in the print controller 25 include daU on the time (year) of unsealing the ink cartridge 
! *?40 is used to determine the required number of pulses of the 107K, dau on the time (month) of uns e aling the ink car- 
ifklock signal CLK- The address counter 83 included in the tridgc 107K, version dau of the ink cartridge 107K, data on 
tQstorage element 80 counts up in response to the required the type of ink, for example, a pigment or a dye, daU on the 
'^number of pulses of the clock signal CLK thus generated. year of manufacture of the ink cartridge 107K, dau on the 
,.;Duriiig this process, a read/write signal R/W is kept in a low 30 month of manufacture of the ink cartridge 107K, data on the 
y^evel. This means that an instruction of reading data is given date of manufacture of the ink cartridge 107K, daU on the 
i, to the memory cell 81. Dummy dau are accordingly read production line of the ink cartridge 107K, serial number data 
i. asynchronously with the output dock signal CUC of the ink cartridge 107K, and daU on recycling showing 

f . After the address counter 83 counts up to the specified whether the ink cartridge 107K is new or recycled, which are 
^address for writing data, the controller 46 carries out an respectively allocated to memory divisions 711 through 720 
iijactual writing operation at step ST23. The writing operation mat are accessed in this order. 

i%5witches the read/write signal R/W to the high level, outputs Referring to FIG. 9, the memory cell 81 of the storage 

iSjone-oit daU to : a daU terminal I/O, and changes the clock element 80 incorporated in the color ink cartridge 107F has 
'•*£sign»l CLK to a high active state on the completion of data ^ a first storage area 650, in which read only dau are stored, 
^output. While the read/write signal R/W is in the high level, and a second storage area 660, in which rewritable daU are 
dau DAEA of the daU terminal I/O are written into the stored. The printer main body 100 can only read the dau 
memory cell 81 of the storage element 80 synchronously stored in the first storage area 650, while enabling both 
with a rise of the clock signal CLK. Although the writing reading and writing operations with regard to the daU stored 
operation starts synchronously with a fifth pulse of the clock 4J in the second storage area 660. The second storage area 660 
signal CLK in the example of FIG. 7B, this only describes is located at an address, which is accessed prior to the first 
the general writing procedure. The writing operation of storage area 650. Namely the second storage area 660 has a 
required daU, for example, the remaining quantity of ink, lower address (that is, an address closer to the head) than that 
may be carried out at any pulse, for example, at a first pulse, of the first storage area 650. 

of the clock signal CLK according to the requirements. 5Q The rewritable daU stored in the second storage area 660 
DaU arrays of the storage elements 80, in which data are include first daU on the remaining quantity of cyan ink, 
written, are described with reference to FIGS. 8 and 9. FIG. second daU on the remaining quantity of cyan ink, first daU 
8 shows a dau array in the storage clement 80 incorporated on the remaining quantity of mage ma ink, second daU on the 
in the black ink cartridge 107K attached to the printer 1 of remaining quantity of magenU ink, first daU on the remain- 
this embodiment shown in FIG. 1. FIG. 9 shows a daU array 5 5 ing quantity of yellow ink, second daU on the remaining 
in the storage element 80 incorporated in the color ink quantity of yellow ink, first dau on the remaining quantity 
cartridge 107F attached to the printer 1. FIG. 10 shows a of light cyan ink, second daU on the remaining quantity of 
data array in the EEPROM 90 incorporated in the print light cyan ink, first dau on the remaining quantity of tight 
controller 40 of the printer main body 100. magenU ink, and second dau on the remaining quantity of 

Referring to FIG. 8, the memory cell 81 of the storage 60 light magenU ink that are respectively allocated to color ink 
eteme^tSOmcorporated in the blade ink cartridge 107K has remaining quantity memory drvtsions 601 through 610, 
a first storage area 750, in which read only daU are stored, which are accessed in this order. 

and a second storage area 760, in which rewritable daU are In the same manner as the black ink cartridge 107K, there 
stored. The printer main body 100 can only read the dau are the two memory divisions, that is, the first color ink 
stored in the first storage area 750, while enabling both <ss remaining quantity memory division 601 (603, 605, 607, 
reading and writing operations with regard to the data stored 609) and the second color ink remaining quantity memory 
in the second storage area 760. The second storage area 760 division 602 (604, 606, 608, 610), for storing the daU on the 
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remaining quantity of each color ink. This arrangement 
enables the data on the remaining quantity of each color ink 
to be rewritten alternately in these two memory divisions. 

Tifa» the black ink cartridge 107K, the read only data 
stored in the first storage area 650 include data on the time 
(year) of unsealing the ink cartridge 107F, data on the time 
(month) of unsealing the ink cartridge 107F, version data of 
the ink cartridge 107F, data on the type of ink, data on the 
year of manufacture of the ink cartridge 107F, data on the 
month of manufacture of the ink cartridge 107F, data on the 
date of manufacture of the ink cartridge 107F, data on the 
production line, serial number data, and data on recycling 
that arc respectively allocated to memory divisions 611 
through 620, which are accessed in this order. These data are 
common to all the color inks, so that only one set of data are 
provided and stored as common data to all the color inks. 

When the power source 91 of the printer 1 is turned on 
after the ink cartridges 107K. and 107F are attached to the 
printer main body 100, these data are read by the printer 
main body 100 and stored into the EEPROM 90 incorpo- 
rated in the printer main body 100. As s hown in FIG. 10, 
2j *Wmory divisions 801 through 835 in the EEPROM 90 store 
3,Qall the data stored in the respective storage elements 80 
; fancluding the remaining quantities of the respective inks in 
■She black ink cartridge 107K and the color ink cartridge 
":S07F. 

y* 

j J* Operation of Printer 1 

W| The following describes a series of basic processings 
SSjarried out by the ink jet printer 1 of the embodiment 
^between a power-on time and a power-off time of the printer 
tf 1 and a difference between the allowable frequencies of 
L&writing into the storage element 80 and the EEPROM 90, 
rjwitn referring to the flowcharts of FIGS. 11 through 13. FIG. 35 
\jl is a flowchart showing a processing routine executed at 
i ±h time of power supply to the printer 1. FIG. 12 is a flowchart 
^showing a processing routine to calcula t e the remaining 
^quantity of ink. FIG. 13 is a flowchart showing a processing 
••^routine executed at a power-off time of the printer 1. 40 
The controller 46 executes the processing routine of FIG. 
11 immediately after the start of power simply. When the 
power source 91 of the printer 1 is turned on, the controller 
46 first determines whether or not the ink cartridge 107K or 
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107F has just been replaced at step S30. Tho decision of step « AI. 



or not the ink cartridges 107K and 107F attached to the ink 
jet printer 1 are suitable for the ink jet printer 1, based on the 
data stored in the EEPROM 90. When suitable, that is, in the 
case of an affirmative answer at step S34, a printing opera- 
tion is allowed at step S35. This completes the preparation 
for printing, and the program exits from the processing 
routine of FIG. 11. When not suitable, that is, in the case of 
a negative answer at step S34, on the contrary, the printing 
operation is not allowed, and information r e pres e ntin g the 
prohibition of printing is displayed on either the switch 
panel 92 or the display MT at step S36. 

In the case where the printing operation is allowed at step 
S35, the printer 1 carries out & predetermined printing 
process in response to a printing instruction output from the 
computer PC. At this moment, the controller 46 transfers 
print data to the print bead 10 and calculates the remaining 
quantity of each ink. The processing routine executed in this 
state is described with reference to the flowchart of FIG. 12. 
When the program enters the printing process routine shown 
in FIG. 12, the controller 46 first reads data on the remaining 
quantity of each ink In from the EEPROM 90 incorporated 
in the print controller 40 at step S40. The data In is written 
on completion of the previous cycle of printing operation 
and represents the latest remaining quantity of each ink The 
controller 46 men inputs print data from the computer PC at 
step S41. In the structure of this embodiment, the required 
image processing like color conversion and binarization is 
all carried out in the computer PC, and the printer 1 receives 
the binary data with regard to a predetermined number of 
raster lines, that is, the on-off data of ink dots. The controller 
46 subsequently calculates an amount of ink consumption AI 
based on the input print data at step S42. The amount of ink 
consumption AI calculated here reflects not only the amount 
of ink consumption corresponding to the print data with 
regard to the predetermined number of raster lines input 
from the computer PC but also the amount of ink consump- 
tion by the head cleaning action including the flushing 
operation and the f?ifJring operation. By way of example, the 
procedure of calculation multiplies the frequency of ejection 
of ink droplets by the weight of each ink droplet to calculate 
the quantity of ink ejection with regard to each ink, and adds 
the amount of ink consumption by the flushing operation and 
the sucking operation to the calculated quantity of ink 
ejection, so as to determine the amount of ink consumption 



S30 is carried: out, for example, by referring to an ink 
cartridge replacement flag in the case where the EEPROM 
90 has the ink cartridge replacement flag, or in another 
example, based on data relating to the time (hour and 
minute) of manufacture or the production serial number with so 
regard to the ink cartridge 107K or 107F. In the case of 
power-on without replacement of the ink cartridges 107K 
and 107F, that is, in the case of a negative answer at step 
S30, the controller 46 reads, the data from the respective 
storage elements 80 of the ink cartridges 107K and 107F at 55 
. step S31. 

When it is determined that the ink cartridge 107K or 107F 
has just been replaced, that is, in the case of an affirmative 
answer at step S30, on the other hand, the controller 46 
increments the frequency of attachment by one and writes eo 
the incremented frequency of attachment into the storage 
element 80 of the ink cartridge 107K or 107F at step S32. 
The controller 46 then reads the data from the respective 
storage elements 80 of the ink cartridges 107K and 107F at 



The controller 46 then sums up the amount of ink con- 
sumption AI thus calculated to determine a cumulative 
amount of ink consumption li at step S43. The amount of ink 
consumption corresponding to the input print data is suc- 
cessively calculated, but is not written into the EEPROM 90 
on every time of calculation. In order to determine the total 
amount of ink consumption up to the moment, the procedure 
sums up the amount of ink consumption AI with regard to 
the input print data and thereby determines the cumulative 
amount of ink consumption li. The controller 46 subse- 
quently converts the input print data to appropriate data 
suitable for the layout of the nozzle openings 23 on the print 
head 10 and the ejection timing and outputs the converted 
print data to the print head 10 at step S44. 

When the processing of the input print data with regard to 
the predetermined number of raster fines is concluded, the 
controller determines whether or not the printing operation 
has been completed with regard to one page at step S45. In 
the case where the printing operation with regard to one page 
has not yet been completed, that is, in the case of a negative 



step S31 The controller 46 subsequently writes the read-out 65 has not yet been completed, that is, in me case 01 a negauve 
date at preset addresses in the EEPROM 90 at step S33. At answer at step S45, the program returns to step S41 and 
subsequent step S34, the controller 46 determines whether repeats the processing of and after step S41 to input and 
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80. Here the remaining quantity of each ink is alternately 
written into the two memory divisions allocated to the ink. 
In accordance with one possible application, the execution 
of the storage into each memory division may be identified 
by means of a flag, which is located at the head of each 
memory division and inverted on completion of the writing 
operation into the memory division. 

In the case where the cause of the interruption is not the 
forcible cut-off of the power supply, that is, in the case of a 
negative answer at step S50, on the other hand, it is 
determined that the interruption is caused by either the 
operation of the power switch 92a on the switch panel 92 in 
the printer 1 to turn the power source 91 off or the operation 
of the cartridge switch 926 on the switch panel 92 to give an 
instruction of replacement of the ink cartridge. The program 
accordingly continues the printing operation in progress by 
a preset unit, for example, up to the end of one raster line, 
and calculates the remaining quantities of inks at step S51. 
The calculation is performed according to the flowchart of 
FIG. 12. The controller 46 then drives the capping unit 108 
to cap the print head 10 at step S52, and stores the driving 
conditions of the print head 10 into the EEPROM 90 at step 
SS3. The driving conditions here include a voltage of the 
driving signal to compensate for the individual difference of 
the print head and a condition of collection to compensate 
for the difference between the respective colors. The con- 
troller 46 subsequently stores counts on a variety of timers 
into the EEPROM 90 at step S54, and stores the contents of 
a control panel, for example, an adjustment value to correct 
the misalignment of hitting positions in the case of bidirec- 
tional printing, into the EEPROM 90 at step S55. After the 
processing of step S55, the program carries out the process- 
ing of step S56 described above. Namely the controller 46 
writes the updated data on the remaining quantities of inks 
(1) at the timing when the power switch 92a on the switch ^ m+1 mto me second storage areas 660 and 760 of the 



process a next set of print data. In the case where the printing 
operation with regard to one page has been completed, that 
is, in the case of an affirmative answer at step S45, on the 
other hand, the program calculates the current remaining 
quantity of each ink In+1 at S46, and writes the current 
re maining quantity of ink In+1 thus calculated into the 
EEP ROM 90 at step S47. The current remaining quantity of 
ink In+1 is obtained by subtracting the cumulative amount 
of ink consumption Ii determined at step S43 from the 
previous remaining quantity of ink In read at step S40. The 
updated remaining quantity of ink In+1 is rewritten into the 
EEPROM 90. 

The procedure of this embodiment updates the data on the 
remaining quantity of ink by the unit of page. This is because 
the printing operation is generally carried out by the unit of 15 
page. One modified procedure carries out the writing opera- 
tion of data on the remaining quantity of ink with regard to 
a predetermined number of pages or with regard to one raster 
line or a predetermined number of raster lines. Another 
modified procedure determines that the prin t ing operation 20 
Jias been completed every time the print head 10 has moved 
forward and backward by a predetermined number of times, 
= fjnd writes the data on the remaining quantity of ink into the 
^^pEPROM 90. 

"*? The updated remaining quantity of each ink In+1 is 
'Hrritten into only the EEPROM 90 incorporated in the print 
^controller 40 of the printer 1 at the time of calculation. The 
<&ame updated data on the remaining quantities of the respec- 
tive inks are written into the storage elements 80 of the black 
Mnk cartridge 107K and the color ink cartridge 107F when 
\ttiie power down instruction NMI is output The power down 
s ? instruction NMI is output at the following three timings as 
^described previously: 
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panel 92 of the printer 1 is operated to turn the power 
source 91 off; 

(2) at the timing when the cartridge switch 926 on the 
switch panel 92 is operated to give an instruction of 
replacing the ink cartridge; and 40 
* (3) at the timing when the power supply is forcibly cut off 
by pulling the power plug out of the socket. 
With referring to the flowchart of FIG. 13, the process of 
storing the data on the remaining quantities of inks into the 
respective storage elements 80 of the ink cartridges 107K 43 
and 107F is described. The processing routine shown in the 
flowchart of FIG. 13 is activated by interruption in response 
to the output of the power down instruction NMI as 
described previously. When the program enters the process- 
ing routine of FIG. 13, it is first determined whether or not 
the cause of the interruption is forcible cut-off of the power 
supply (the timing (3) discussed above) at step S50. In the 
case where the cause of the interruption is the forcible 
cut-off of the power supply, that is, in the case of an 
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respective storage elements 80 of the ink cartridges 107K 
and 107F at step SS6. In the case where the power switch 
92a on the switch panel 92 of the printer 1 is operated to 
activate this intcrruptive processing routine of FIG. 13, after 
die writing operation of the remaining quantities of inks at 
step S56, a signal is output to the power source 91 to cut off 
the power supply to the printer 1. In the case where the 
cartridge switch 92b on the switch panel 92 is operated to 
activate this interruptive processing routine of FIG. 13, after 
the processing of step S56, the carriage 101 is moved to a 
specific position for replacement. These processes are not 
specifically shown in the flowchart of FIG. 13. 

Effects of First Embodiment 
As described above, the printer 1 of the first embodiment 
calculates the remaining quantities of the respective inks in 
the black ink cartridge 107K and the color ink cartridge 
107F, which are detachably attached to the carriage 101 of 
the printer main body 100, with the progress of the printing 



affirmative answer at step Ssb, the allowable timeteooly 55 °pe_«tior.J^^ 
little and thus the program skips the processing of steps S51 
through S55 and writes the updated data on the re maining 
quantities of inks In+1 into the respective storage elements 
80 of the ink cartridges 107K and 107F at step S36. The 
updated remaining quantity of each ink In+1 written into the 
storage element 80 at step S56 has been calculated according 
to the processing routine of FIG. 12. The technique dis- 
cussed above is applied to write the data an the remaining 
quantities of inks into the respective storage elements 80 of 
the ink cartridges 107K and 107F. The data on the remaining 
quantities of inks are written and stored into the second 
storage areas 660 and 760 of the respective storage elements 
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inks are written into the EEPROM 90 ervery time the printing 
operation has been completed with regard to one page. The 
same data are written into the respective storage elements 80 
of the ink cartridges 107K and 107F only at the timings 
when the power switch 92b on the switch panel 92 is 
operated to turn the power source 91 off, when the cartridge 
switch 92b on the switch panel 92 is operated to give an 
instruction of replacement of the ink cartridge, and when the 
power supply is forcibly cut off. The data on the remaining 
quantities of inks are updated at a higher frequency in the 
EEPROM 90, whereas the same data, are updated at a lower 
frequency in the storage elements 80. This arrangement of 
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Ibe embodiment favorably restricts the writing frequency of user activates the printer driver and presses a 'Write' button 

the remaining quantity of each ink into the storage clement provided in the printer driver or when the user operates a 

SO and thereby enables toe storage unit having a relatively switch for writing instruction provided on the switch panel 

low allowable frequency of writing to be applied for the 92. This arrangement restricts the frequency of writing into 

storage elements 80 of the expendable ink cartridges 107K 5 the storage elements 80. Another application monitors the 

and 107F. This advantageously reduces the manufacturing frequencies of the writing operations into the EEPROM 90 

cost of the ink cartridge. and the storage elements 80 and neglects a writing instruc- 

Although the frequency of rewriting data into the storage tion of the user in the case where the frequency of writing 

elements 80 is restricted, the latest data on the re maining into the storage element 80 is undesirably high, 

quantities of inks are stored in the EEPROM 90 of the 30 [n possible configuration, a buffer memory 

printer 1. The arrangement of the embodiment accordingly (ram) „ provided m either the print controller 40 or the 

does not have any adverse effects on the momtormg process element3 go. The controller 46 writes data into the 

of the remaining quantities of inks m the printer 1. The eeproM 90 and the buffer memory at identical timings and 

monitoring process may blink an LED mounted on the thereby at an identical frequency. The timing of writing data 

switch panel 92 of the printer 1 when the remaining quantity u &om me buffer mcmoty to the storage elements 80 is 

of ink becomes equal to or less than a preset level The ^citd, for example, to the time of the cut-off of the 

momtormg process may alternatively inform the printer er ly and the time of a replacement of the ink 

driver incorporated in the computer PC of the fact that the cartridge. This arrangement also desirably restricts the fre- 

remaimng quantity of ink reaches the preset level and give quenC y of the writing operation into the memory cells 81, 

an alarm on the display MT connected to the computer PC. 20 whicQ bave the restriction of the writing frequency. As 

Since the latest data on the remaining quantities of inks are described above, in the first embodiment, an inexpensive 

i^kept in the EEPROM 90 of the print controller 40, toe printer EEPROM. which carries out only the sequential access, is 

*gl can refer to the latest data on the remaining quantities of applied f or the memory cells 81 of the storage elements 80 

spnks according to the requirements and output an alarm included in the black and color ink cartridges 107K and 

Representing the state of running out of ink at an adequate 35 1(y7R ^ application desirably reduces the cost of the 

^timing. These data may be utilized to display the current expendable ink cartridges 107K and 107F. 

.■^remaining quantities of inks visually, for example, m the , . , . , 

fffform of a bar graph, according to a utility program. _ to *• "rrangement of the first embodiment the second 

%, , , _ , . ~T . . °" . _ . , .storage areas 660 and 760 in the storage elements 80, where 

>U In the first embodiment, the remaining quanfc t^ of inks rewri tablc data are stored, arc located it addresses that are 

gjare wntten mtothe reactive storage elements 80 of the ink 30 ^entiaUy accessed prior to the first storage areas 650 and 

.^cartridges 107K and 107F every time the power down ^ ^ ^ OD ly data are stored. Even in the structure 

U Wuctaon NMI » generated. When there is no .change m the d emies out the writing operation of data into the second 

* remaining quantities of inks, for example in the crajwtere storagE ^ ^ ^fift the power^ff operation of 

U no Piling operation has been earned out since the start of ^ a 92a Qn ^ ^ 92, thisarrangc- 

. power supply, however, the remammg V^^ot inks may 3s .^ensures completion of the writing operation of data 

not be written into the storage elements 80 Such a decision ^ f mc powe 7phig * puUed 0 utof the socket The 

Wmay depend upon a flag, which u, se, when there is any Sn^™*^*** TeSSent, whui^Ues the 

{.^change in the remaining quantities of inks. In this structure, Jneroensive storage elements 80 enablmz onlv the seouen- 

^the value of the flag is read imn^tely j^er the output of to ^ cost of me ink carfridgeslOTK 

Wthe power dcwiiinstruction NMI. In the embodiment As- 40 ^ im ^ advantageously reduces the possible failure 

u^cussed above, the data written into the storage elements - . * , 

j=«v.uaacu ouuve, u» u«» "r~^ rr~ "|L °"" a » B in the process of rewriting the data, 

regard the remaining quantities of inks. There are, however, „ ... . 

other data that are written into the EEPROM 90 and the In the first embodiment, data on the remaining quantities 

storage elements 80 at different frequencies. By way of of inks are stored with regard to the respective inks in the ink 

example, such data may regard the cumulative time period 45 cartnd Sf s }°J K 1°™ ^ arrangement enables the 

of use of the ink cartridge or the state of application of the user to be informed of the remaining quantity of each ink 

ink cartridge and to receive an alarm representing the out of Ink with 

The timings of toe writing operations into the EEPROM regard to each ink. 

90 and the storage elements 80 are not restricted to those Second Embodiment 

described above. For example, while the writing operation 50 

into the EEPROM 90 is performed M times, the writing The following describes a second embodiment according 

operation into the storage elements 80 is performed only to the present invention. An ink jet printer and ink cartridges 

once. When the cleaning switch 92c on the switch panel 92 of the second embodiment have structures mat are substan- 

is operated to activate the sucking operation, the remaining tially similar to those of the ink jet printer 1 and the ink 

quantity of ink significantly decreases. The writing opera- 55 cartridges 107K and 107F in the first embodiment. The only 

tion of data into the storage element 80 may accordingly be difference from the first embodiment is that a control IC 200 

carried out on completion of the bead cleaning by the is provided between the parallel input-output i nte rf ace 49 in 

sucking action. In accordance with another preferable the print controller 40 of the printer 1 and the respective 

application, the frequency of writing into the storage ele- storage elements 80 of the black and color ink cartridges 

ment 80 is written into a specific area of the storage element 60 107K and 107F. Referring to FIG. 14, the control IC 200 is 

80. With an increase in frequency of writing, the timing of disposed between the parallel input-output interface 49 and 

the writing operation is reduced to decrease the frequency of the respective storage elements 80 of the ink cartridges 

writing. In accordance with still another preferable 107K and 107F and actually located on the carriage 101. A 

application, the writing operation of data into the storage RAM 210, which is a DRAM, is incorporated in the control 

elements 80 of the ink cartridges 107K and 107F is carried 65 IC 200. 

out when the user gives an explicit instruction For example. The control IC 200 is connected with the parallel input- 
data may be written into the storage elements 80 when the output interface 49 via four signal lines and transmits data to 



US 6,196,670 Bl 

21 22 

and from the parallel input-output interface 49 by serial regarding the remaining quantities of inks into the RAM 210 
communication. The four signal lines include a signal line of the control IC 200 every time tbe data arc updated, that 
RxD, through which the control IC 200 receives data, a is, every time the printing operation with regard to one page 
signal line TxD, through which the oontrol IC 200 outputs has been completed. Namely the latest data on the remaining 
data, a power down signal line NMI, through which the print 5 quantities of inks are kept in the RAM 210 of the control IC 
controller 40 outputs a requirement of writing operation at 200. When the power down signal NMI is output in response 
the time of power failure to the control IC 200, and a to the forcible cut-off of the power supply, the data stored in 
selection signal line SEL that allows transmission of data the RAM 210 are immediately written into the respective 
through either the signal line RxD or the signal line TxD. storage elements 80 of the ink cartridges 107K and 107F, 
These four signals are transmitted between the parallel J0 irrespective of the operations of the print controller 40 and 
input-output interface 49 and the control IC 200 via a the controller 46 therein. This arrangement desirably si in- 
flexible print cable (FPC) 300. The controller 46 transmits plifies the processing of the controller 46 at the time of 
required data to and from the control IC 200 using these four forcible cut-off of the power supply and thereby significantly 
signals. The speed of communication between the controller reduces the loading of the processing. In the second embodi- 
46 and the control IC 200 is sufficiently higher than the 1S ment discussed above, the writing operation of data Into the 
speed of data transmission between the control IC 200 and storage elements 80 of the ink cartridges 107K and 107F is 
the storage elements 80. As described in the first initiated by the output of the power down signal NMI. One 
embodiment, the power down signal NMI is output when the possible modification transmits a standard command of the 
power switch 92a on the switch panel 92 is operated, when writing operation through the receiving signal line RxD, so 
the cartridge switch 92b on the switch panel 92 is operated, M as to cause the control IC 200 to initiate the writing 
and when the power supply is forcibly cut off by pulling the ope ration of data, 
itsjpower plug out of the socket. in n** arrang e ment of the ««*™,h i-miimtimwi t, tt» writing 
The control IC 200 has a function of separately transmit- operation of the remaining quantities of inks into the RAM 
"Sting data to and from tbe two storage elements 80. In the 210 of the control IC 200 is carried out at a higher frequency, 
i H arrangement of the second embodiment, one control IC 200 25 whereas the writing operation into (he memory cells 81 of 
. ( h attains data transmission to and from the respective storage the storage elements 80 is carried out at a lower frequency, 
^elements 80 of tbe black ink cartridge 107K and the color This arrangement fulfills the contradictory requirements, 
Sjtink cartridge 107F. In the illustration of FIG. 14, in order to that is, the storage of latest and accurate data and the 
indiscriminate the signal lines to the respective storage ele- restriction of tbe frequency of writing operation into the 
laments 80, a suffix '1' is added to a power source line Power ^ non-volatile memory cells 81. The RAM 210 used in the 
i and respective signals CS, R/W, I/O, and CLK with regard second embodiment is a DRAM, which erases the contents 
y * to the black ink cartridge 107K and a suffix '2' is added with of storage when the power supply to the printer 1 is cut off. 
w regard to the color ink cartridge 107F. In the arrangement of tbe second embodiment, the control IC 
Li In the structure of the second embodiment, the controller 200 accordingly reads the data on the remaining q u a ntities 
jf 46 of the print controller 40 in the printer 1 carries out the 35 of inks stored in the storage elements 80 and stores the data 
M* processing routine shown in the flowchart of FIG. 12. In tbe into the RAM 210 on a start of tbe power supply to the 
l/J second embodiment, however, after calculating the current printer 1. The controller 46 reads the data from the RAM 210 
^remaining quantities of inks In+1 at step S46, the controller at a first timing of calculation of the remaining quantities of 
•s46 writes the calculated current remaining quantities of inks inks (step S40 in the flowchart of FIG. 12} and uses the data 
Oln+1 not into the EEPROM 90 but into the RAM 210 40 for the subsequent calculation of the remaining quantities of 
Reincorporated in the control IC 200. The controller 46 makes inks. 

the selection signal SEL active to select the control IC 200 One modification of the second embodiment shown in 
and writes the current data In+1 on the remaining quantities FIG. 15 writes the latest data on the remaining quantities of 
of inks into the control IC 200 through the signal line RxD inks into the EEPROM 90 incorporated in the print control- 
by non-synchronous serial communication. 45 ler 40 at a certain frequency, which is lower than the 
In the case of a press of the power switch 92a, a press of frequency of the writing operation into the RAM 210 
the cartridge switch 92b, or the forcible cut-off of the power incorporated in the control IC 200 but higher than the 
supply, the print controller 40 outputs the power down signal frequency of tbe writing operation into the memory cells 81 
NMI both inside the print controller 40 and outside the print of the storage elements 80. In one example, the writing 
controller 40, that is, to tbe control IC 200. The control IC so operation into the RAM 210 of the control IC 200 is carried 
200 receives the power down signal NMI and writes at least out at the timings of calculation shown in tbe flowchart of 
the data regarding the remaining quantities of the respective FIG. 12. The data on the remaining quantities of inks are 
inks among the data stored in the internal RAM 210, into the written into the EEPROM 90 at certain timings when the 
respective storage elements 80 of the ink cartridges 107K printer 1 has some marginal time in the course of the 
and 107F. The control IC 200 carries out the writing opera- 55 processing, for example, by a separate interruptfve routine, 
tion into the storage elements 80 by the technique ^Hsrvfy^ The same data are transferred to the storage elements 80 at 
in the first embodiment. As shown in FIGS. 7A and 7B, the the timing of the power-off operation. This arrangement 
technique first makes the chip select signal CS active, then ensures the back-up of the data with the EEPROM 90 that 
makes the read/right signal R/W in the high active state to has the restriction of the writing frequency, while e n a bl in g 
select tbe writing operation, and successively outputs the eo the latest data to be kept in tbe RAM 210 of the control IC 
data DATA synchronously with the dock signal CLK. 200. The latest data are written into the storage elements 80 
In the second embodiment discussed above, the data on of the ink cartridges 10TK and 107F, for example, at the time 
the remaining quantities of inks, which are to be written into of forcible cut-off of the power supply, 
the storage elements 80 of the ink cartridges 107K and 107F, In accordance with another modification of the second 
are stored in the RAM 210 incorporated in the control IC 65 embodiment, the calculated data on the re maining qu a n t ities 
200 that directly controls the data transmission to and from of inks are written into a specific area in tbe RAM 44 every 
the storage elements 80. The controller 46 writes the data time the printing operation with regard to one page has been 



